These findings suggest the possibility that genetic factors affecting the expression or activity of IL-18 may influence risk of HCC. Indeed, numerous case-control studies [12] [13] [14] [15] [16] [17] [18] [19] have investigated whether polymorphisms at position -137 (rs187238) and -607 (rs1946518) within the IL-18 promoter influence risk of HCC. Results have been inconclusive and contradictory, prompting us to perform the first comprehensive meta-analysis of all available evidence on these potential associations.
Results

Description of studies.
A total of 609 potentially relevant publications published in English or Chinese as recently as September 23, 2016 were systematically identified in PubMed, EMBASE, Google Scholar and CNKI databases (Fig. 1) . We excluded 581 studies based on review of the titles and abstracts. We excluded another seven studies [20] [21] [22] [23] [24] [25] [26] because they were not case-control studies, three studies because they did not report genotypes [27] [28] [29] , and eight studies [30] [31] [32] [33] [34] [35] [36] [37] because they did not involve patients with HCC. A further two studies 38, 39 were excluded because they included either patients with only liver cirrhosis or an aggregated patient population with HCC or liver cirrhosis. In the end, 8 studies [12] [13] [14] [15] [16] [17] [18] [19] were included in the final meta-analysis based on our search strategy and inclusion criteria (Table 1) . Of these 8 studies, all [12] [13] [14] [15] [16] [17] [18] [19] evaluated the association between the -137 polymorphism and HCC risk (1,318 cases, 2,254 controls), while 7 studies 12, [14] [15] [16] [17] [18] [19] evaluated the association between the -607 polymorphism and HCC risk (1,262 cases, 1,696 controls). The distribution of genotypes in controls was consistent with Hardy-Weinberg equilibrium (HWE, P > 0.05) in all but two studies 13, 15 . The overall quality of the included studies was adequate. The mean score for the included studies was 6.25 (Table 2) .
Meta-analysis of data on the -137 (rs187238) polymorphism. The meta-analysis of a possible association between the -137 polymorphism and risk of HCC is summarized in Tables 1 and 3 . Based on the total study population, none of the five genetic models indicated a significant association: allelic model, OR 0.99, 95% CI 0.74-1.34, P = 0.97 (Fig. 2A) ; recessive model, OR 0.98, 95% CI 0.65-1.46, P = 0.91 (Fig. 2B) ; dominant model, OR 1.35, 95% CI 0.73-2.52, P = 0.34 (Fig. 2C) ; homozygous model, OR 0.99, 95% CI 0.65-1.49, P = 0.95 (Fig. 2D) ; heterozygous model, OR 0.99, 95% CI 0.66-1.48, P = 0.94 (Fig. 2E) .
Next we meta-analyzed data for subgroups based on ethnicity or based on whether the HCC was related to chronic HBV infection. Meta-analysis of 7 studies [12] [13] [14] [16] [17] [18] [19] involving 1,206 Asian cases and 2,052 Asian controls showed no evidence of a significant association between the -137 polymorphism and HCC risk for any of the five genetic models (Table 3) : allelic, OR 1.01, 95% CI 0.71-1.43, P = 0.97; recessive model, OR 1.08, 95% CI 0.68-1.70, P = 0.75; dominant, OR 0.99, 95% CI 0.62-1.57, P = 0.96; homozygous, OR 1.09, 95% CI 0.69-1.72, P = 0.73; heterozygous, OR 0.98, 95% CI 0.61-1.56, P = 0.92. Similarly, no evidence of an association was identified in meta-analysis of 4 studies 14, [17] [18] [19] involving 832 Chinese cases and 1,151 Chinese controls (Table 3) Lastly, we meta-analyzed the subgroup of 978 cases and 1,752 controls in 6 studies 12, 13, [16] [17] [18] [19] in which the numbers of cases with HBV-related HCC were reported. The other two studies 14, 15 did not report results based on HCC etiology. Among the 6 studies, no evidence of an association between the -137 polymorphism and HBV-related HCC risk was observed (Table 3) : allelic, OR 1.09, 95% CI 0.75-1.58, P = 0.65; recessive, OR 1.07, 95% CI 0.62-1.83, P = 0.82; dominant, OR 1.12, 95% CI 0.71-1.77, P = 0.63; homozygous, OR 1.17, 95% CI 0.68-2.01, P = 0.58; heterozygous, OR 1.11, 95% CI 0.69-1.76, P = 0.67.
Meta-analysis of data on the -607 (rs1946518) polymorphism. The meta-analysis of a possible association between the -607 polymorphism and risk of HCC is summarized in Tables 1 and 4 . Based on the total study population 12, [14] [15] [16] [17] [18] [19] , none of the five genetic models indicated a significant risk: allelic, OR 0.99, 95% CI 0.81-1.22, P = 0.94 (Fig. 3A) ; recessive, OR 1.02, 95% CI 0.86-1.21, P = 0.83 (Fig. 3B) ; dominant, OR 1.02, 95% CI 0.72-1.45, P = 0.93 (Fig. 3C) ; homozygous, OR 0.94, 95% CI 0.59-1.49, P = 0.79 (Fig. 3D) ; heterozygous, OR 1.01, 95% CI 0.74-1.39, P = 0.93 (Fig. 3E) .
Similarly, no significant association was observed for the subgroup of 1,150 Table 2 . Methodological quality of case-control studies in our meta-analyses, based on the NewcastleOttawa Scale.
a One point was awarded when there was no significant difference in the response rate between both groups based on the chi-squared test (P > 0.05). Lastly, we meta-analyzed the subgroup of 922 cases and 1194 controls in 5 studies 12, [16] [17] [18] [19] in which the numbers of cases with HBV-related HCC was reported. No evidence of an association between the -607 polymorphism and HBV-related HCC risk was observed (Table 4) : allelic, OR 1.02, 95% CI 0.800-1.28, P = 0.89; recessive, OR 1.04, 95% CI 0.84-1.28, P = 0.71; dominant, OR 0.94, 95% CI 0.67-1.33, P = 0.73; homozygous, OR 1.03, 95% CI 0.63-1.66, P = 0.92; heterozygous, OR 1.09, 95% CI 0.81-1.46, P = 0.57.
Sensitivity analysis.
The robustness of the meta-analysis of 8 studies examining a possible association between the -137 polymorphism and HCC risk was assessed by repeating the meta-analysis after excluding a study 13 in which all control cases were chronically infected with HBV and the P value associated with HWE was less than 0.05. Deleting these data from the meta-analysis did not alter the results obtained using any of the five genetic models, whether for the entire study population, the Asian population, or patients with HBV-related HCC. (This study did not involve Chinese patients, so no subgroup analysis of Chinese participants was performed.)
The robustness of the meta-analysis of studies examining a possible association between the -607 polymorphism and HCC risk was assessed by repeating the meta-analysis after excluding a study 15 in which the P value associated with HWE was less than 0.05. Deleting these data from the meta-analysis did not alter the results obtained using any of the five genetic models across the entire study population as well as in the three subgroups.
Publication bias. Potential publication bias in this meta-analysis was assessed using Begg's funnel plot and Egger's test. No obvious asymmetry was observed in Begg's funnel plots of the allelic modeling of the -137 polymorphism (Fig. 4) or -607 polymorphism (Fig. 5) . P values for Egger's tests were greater than 0.05 for the -137 polymorphism results based on any of the genetic models: allelic, P = 0.678; recessive, P = 0.307; dominant, P = 0.318; homozygous, P = 0.327; heterozygous, P = 0.454. Similarly, P values were greater than 0.05 for the -607 polymorphism results: allelic, P = 0.293; recessive, P = 0.476; dominant, P = 0.136; homozygous, P = 0.400; heterozygous, P = 0.328. These results suggest no potential publication bias. 
Figure 2. Forest plot describing the association between the -137 polymorphism (rs187238) and risk of across all study participants according to different genetic models. (A) allelic (C-allele vs. G-allele), (B) recessive (CC vs. GC + GG), (C) dominant (GG vs. GC + CC), (D) homozygous (CC vs. GG) and (E) heterozygous (GC vs. GG).
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Discussion
Here we evaluate available evidence in English and Chinese on the possible association of polymorphisms -137 and -607 within the IL-18 promoter with risk of HCC [12] [13] [14] [15] [16] [17] [18] [19] . We found no strong evidence of association, regardless of whether patients were Asian or not, and regardless of whether their HCC was HBV-related or not. Our results contrast with those of 5 case-control studies that reported an association between the -137 polymorphism and HCC risk 13, 14, [16] [17] [18] [19] . While our meta-analysis suggests that the -137 polymorphism is not helpful for predicting HCC risk, it may be useful for predicting metastasis or recurrence. Teixeira et al. 15 found a significant association between this polymorphism and the presence of metastasis, while Chen et al. 14 showed that a GC/CC genotype at the -137 position was significantly associated with recurrence. Future large studies should investigate this possibility.
We found no evidence of association between the -607 polymorphism and HCC risk for any patient subgroup examined. This contrasts with a large meta-analysis 40 involving 3,117 controls and 2,137 cases with various types of cancers except HCC; that meta-analysis concluded that the -607 polymorphism increases risk of cancer in Asians but not in European Caucasians or Africans. Our results suggest that further research on the -607 polymorphism should focus on cancers other than HCC.
Our findings cast doubt on the relevance of these IL-18-related polymorphisms in the pathogenesis of HCC in general, and specifically HCC related to chronic HBV or HCV infection. These polymorphisms may not be appropriate genetic markers of HCC risk in individuals chronically infected with these viruses, so future research may wish to focus on other candidate markers 2, [41] [42] [43] . It remains possible that other polymorphisms affecting IL-18 expression and activity influence HCC risk, perhaps because IL-18 plays a significant role in inflammation and immune responses, which may affect hepatitis outcomes, and/or because IL-18 can help clear HBV and HCV [33] [34] [35] . It may be that IL-18-related polymorphisms that promote viral clearance can influence the development of HCC. If so, then our results suggest that the -137 and -607 polymorphisms do not affect viral clearance, at least not clearance of HBV, since we found no evidence that either association is associated with risk of HBV-related HCC. Unfortunately few studies have examined HCC patients chronically infected with HCV, so further work is needed to explore whether these polymorphisms may affect HCV clearance.
To the best of our knowledge, this is the first meta-analysis evaluating the potential association of these two IL-18-related polymorphisms and susceptibility to HCC. At the same time, the work has several limitations that may affect interpretation of the results. First, the P value for HWE in one study 13 on the -137 polymorphism was less than 0.05, which may be because all controls were chronically infected with HBV. The P value for HWE in one study 15 on the -607 polymorphism was also less than 0.05. These results suggest that these study populations may not be representative of the broader target population. Nevertheless, sensitivity analyses showed that deleting these studies from the respective meta-analysis did not alter the results. Second, our exclusion of unpublished data and of papers published in languages other than English and Chinese may have biased our results. Third, the studies in our meta-analysis relied on an array of genotyping methods, including LM-PCR, Taqman, PCR-SSP, PCR-RFLP and PCR-LDR. Fourth, the studies may be subject to performance bias, attrition bias and reporting bias, although Newcastle-Ottawa scores were more than 5 for all 8 studies, indicating high quality. Fifth, the results may be affected by additional confounding factors, such as tumor status, gender and age, and we could not take this into account in the meta-analyses because studies either did not report these baseline data or they aggregated the data in different ways. Lastly, since this meta-analysis included few studies from non-Asian populations, large and well-designed studies in Caucasian and African populations are warranted. In particular, studies enrolling patients with HCV-related cases are needed since HCC pathogenesis differs depending on whether the patient is chronically infected with HBV or HCV.
In conclusion, this meta-analysis suggests that the IL-18-related -137 and -607 polymorphisms may not be associated with HCC risk, especially HBV-related HCC risk. Further detailed investigations involving larger, multi-ethnic samples are needed in order to clarify the role of these polymorphisms in HCC risk. Such work should also aim to explore gene-gene and gene-environment interactions that may mediate the association of -137 and -607 polymorphisms with development of HCC.
Materials and Methods
Search strategy. PubMed Inclusion criteria. To be included in our review and meta-analysis, studies had to satisfy the following criteria: (1) a case-control design was used to assess the association of the rs187238 and/or rs1946518 polymorphisms with HCC risk in humans; (2) full text was available, and sufficient data were reported to estimate an odds ratio (OR) with 95% confidence interval (CI); and (3) genotype frequencies were reported. If multiple publications from the same research group appeared to report data for the same cases and controls, we included only the most recent publication in our meta-analysis.
Data extraction. Two authors (SLZ and YZ) independently extracted the following data from included studies: first author's family name, year of publication, ethnicity, country of origin, testing methods, P value for HWE in controls, numbers and genotypes of cases and controls, frequencies of genotypes in cases and controls. Discrepancies were resolved by consensus.
Assessment of methodological quality. To assess the quality of the studies included in this analysis, the Newcastle-Ottawa Scale 44 was used by two independent assessors (SLZ and XYH). For the NewcastleOttawa Scale, a maximum of nine points can be allotted to a study, with higher scores indicating better quality. Differences in quality score outcomes between the two assessors were solved by consensus. If consensus was not reached, a third assessor (LQL) was consulted for the final decision. The mean score for the included studies was 6.25 (Table 2 ).
Statistical analysis. The unadjusted OR with 95% CI was used as described [45] [46] [47] to assess the strength of the association of the rs187238 and rs1946518 polymorphisms with HCC risk based on the genotype frequencies in cases and controls. The significance of pooled ORs was determined using the Z test, with P < 0.05 defined as the significance threshold. Meta-analysis was conducted using a fixed-effect model when P > 0.10 for the Q test, indicating lack of heterogeneity among studies; otherwise, a random-effect model was used. All statistical tests for meta-analyses were performed using Review Manager 5.2 (Cochrane Collaboration). Publication bias was assessed using Begg's funnel plot and Egger's weighted regression in Stata 12.0 (Stata Corp, College Station, TX, USA), with P < 0.05 considered statistically significant.
